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MCT:i;i/iypjnn. a mmimuio, k no/iy«iCHHio 
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coeaiiHCHHM MerajL'ioB McroaoM OHU xin 
iicno;ib30BaHHfi a npoif3BOjCTBc MeTa,i.iHqc- 
CKHx, McrarLTioKepaMHuecKHx, KcpaMimccKitx. 

KOMnOJHUHOHliUX MaTCpwa^lOB H jp. C UClbK) 

nouwaiCHHJi ;4HtnepcnocTn naiy^aeMoro no- 

pOUIIca, nOBhimCHHH npOH3BOAMT(l.lbH0CTH. CHH- 

;kchhs i^HcprocMKOCTH npouccca h pacuiKpcuiifl 
HOMcak^iaTypbi BspbiBacMwx MarepHxiOB ycra- 
HOBxa, cojcp;icaman mctomhhk iiHTaHii}! .nex- 

TpODHCpnieH C CMKOCTHhIM HaKOnHTCICM, 
CHCTCMy KOMMVTaUHH, pcaXTOp Awlfl RSpWHS 
npOBO;JOKH t BhICOKOBO.IbTHWM H 3a3CV:iCHHNM 
3.1CKTpOaaMH, MCXaHH3M HOaami npOROvlOKM. 

LHCTCMv c5opa nopoiUKa h ciictcm^ ra3on6c\- 

IICMCHMJI, OT.IM'jaCTCtt rCM. »nO irMKWTHOir 

iiaKonnnvih KOMMvnipym M > MpaH.i**cMiJM 
KOMMvraTopiiM. M H McxaiiiUM mvia'iH nixino- 
•lOKif iiBcacii yjiM act|H>pManiiM, Hi^ruvuii-hiiiiiu 
It Hiwc K'o/icu !i;ui UH)(x)aHo Hp;uuaK)mHxo4 
po^iHKOB c !ianpai..iMK)iucii KanaBKoii, yxpcn- 
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;ieHHux ^ oOouMe, coBcpaiaiomeu BpamaTe^ib- 
Hoe -jaHxccHHe BOKpyr ock npOT9;KKH nposano- 
KH, c noMombio CTep^KHcft, no3Bo;ifliomHX 
ncpcMemaTb Ko.ibna iuim pOiiiiKH Ha :iaAaHHoe 
paccTOflHHC OT ocH BpaxacHusi 060HMU, a 
cucTCMa coopa nopouiKa CHa6;KeH2 uhiliohom 
H 3;ieKTpo(J)M;ibTpoM, HMCiocuKMH GyHKCpa uns 
c6opa nopoinKa, BeHTH-75iTopoM h K;iaccH(})iiKa- 
TopoM cn'6oMKO-bifxpi^Boro Tuna, npHUCM E 
KdMepe K^accH4)HKaT0pa ycraHOBncH Hanpas- 



jifiiomiiH yceMCHHbifi Konyc, HiiJicHee ocHosaHHe 
KOToporo HMcer aaaop co ctchkom KaMepu, a 

BCpXHeC OCHOBaHHe 0T(t)0pM0BaHO raK, HTO 

o6pa3yLT iii&nh, napai,ie;ibHyio nnopf:38M 
poTopa K;iacat4)MKaTopa, npHMCM no och 
KOHyca vcraHOB^ieH naTpy6oK, noAafoiuHH raa 
c McxonHUM nopoflixoM H3 pcaxTopa, a 6yHKep 
iLia coopa nopomxa npucoeAUHCH k any 
KaMcpu Kj!accHiJ)HKaTopa nocpei;cTBOM Tpy6on- 
poBOAa, CHa6}KeHKorG 3aTBopoM. 3 h;i., 1 radi. 
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M3o6peTeHHe oTHOCHTCfl K noponiicoBoii 
MtTajLiyprMH, a MMemio, k ^o;ly^eHHlo 
nopouiKOB MeranjioB, cn/iaBOB h xHMM^ecKHx 
coeaKHCHHii Merajuion MeroaoM 3;ieKTpHqecKoro 
Bsphiea MCTajuiHMecKMx npoBOJiOK :visi wcnojib- 
aoBaHusi R npoMOBOACTse MeraJuinqecKiix, 
MeTa;i.ioKepaMH4ecKHx. KepaMHvrcKHx, komho- 

3HUH0HHliIX MaTCpKa.-iOB H T.A. 

MsBCCTf^H xHMHHecKHH pcaKTop, pa5oTajo- 
mHH c nocieAOBarejibHHMM MHoroKpaTHUMH 

3vieKTpHMCCKHMW flSpUBaMM npOBaiOK, BKJIIOtia- 

ioii\HM repMeTHUHyw BspuBHyio xaMcpy c 
BHCOKOBO-ahTKUM R 3a3eM;ieHHfaiM 3;iCKTpo;ia- 

MH, B OAHOM M3 KOTOpUX KMeeTCfl OTBepCTHC 

AJifl noAaMH orpesKOB BspfaiBaeMOH npoBOJioxH, 
M 6apa6aH c luaroBbiM flBHrarejieM. rio 
o6pa3yiomcH 6apa6aHa CACJiaHu npope3H, b 
Karopue nepen KanajioM pa6oTn sanpaBjiaioTCH 
0TPC3KH npoEOjiOKM Pfai6paHHOM jjjiHHhi. Bapa- 
6aH pasMemcH b rcpMCTHMMOH KaMcpe, xoropasi 
DKcueiripH^HO KpenMTCii k BspusHoi'i KBMepe 
TaK, qTo6fai npK noBopore 6apa5aHa Ha omm 
mar, npopc3b b ero o6pa3yiO[ncM coBnaqana c 

OTBCPCTHCM B anCRTpOiie B3PUBHOH KaMCpU 

npli .TroM o»[epo/?HOM orpeaoK npoBOJioKn, 
pasMcmcHHUM fi npopcaii 6apa6aHa nposa-iH- 
aacTCJi n oTBcpcTMC oyicKTpoaa djpmbhok 
KaMcpu. saMWKacT Me;K3;ieKTpoAHbni npoMC^y- 

TOK II lipOHCXOaMT BSphlB .TTOro OTpCSKa, T.C. 

orpcaoK BapuBaeMoii npoBo;ioKH oaHOBpeMCHiio 

t7iy:K(!T KOMMVTaTOpOM [] |. 

K HcjacKTaTKaM 3Toro ycrpofiCTBa othocjitch 

1. 60/lhlDa3 TpyilOCMKLKTb, CBMSaHHan c 

Heo6xo;iJiMOCTbio npeaBapHTCThHOH aararoBKM 

OTPC3KOB npOBO^lOKH, MX TlnaTClbllblM BhinpSM- 

jicmiCM M ycTaiioRKOit b 6.-ipa6aH; 

2. Majiwii oobCM naiyiacMoro npoAyKra, t.ic 
noc-ic iioApMBa dtpcskob* ycraHoajiCHHiiix b 
6apa6aii, iico6xon(iMo pa3rcpMCTH3MpouaTti yt- 
TanoBKV u ntc oiu^pauiiM rjOBropnTi> rm n 1 

J. OTCyTLTBHC CMtrCM XTM cfiopil W 

KJUK:cM(t)HKanMM HopDuiKa, r.c. iiopouiOK coacp 
JKHT Hcch m6o\) MaoHu OT y;ii>rpa;.»m:ncpcnoH 
tt>paKUHH ao HcnsopRaBuiuxcM KycxoB ot 
KOHUOH HSpiaHaCMWX orpcjKOB iiprwoviOKii; 
4. McnojibaouaMHc B3pwBacMort npc>BO.ioKU h 

KaMCCTHC KOMMyTaTOpa LMKOClMOm HaKOrJHTCVlH 
npHBOilHT K 70My. MTO nhlCOKOHO/IMHIjii 
.XICKTPOA U KaMt?pC BCCfJia M.lXOilMVCiJ HOfl 

HMcoKiiM nanpHAccHHCM. 3rn iiwjsinacT mhtch- 

CHBHOC OClDKaCHMC riOpOUIKa lUl H30-l«Tiipc 

aiCKTpo.ia II fiwcTpwM npti6oi! v!.ih ncpeKpb!THc 
»i3o;nnopa. 3to noTpcfkma.io or aiiropou 
npiiMCHCHHH oticjih ^.io«HOii 11 aopc)n)ii 

KUH'. f pVKUMII l!JO/l«TOp;i, 

Man6iaco G-THjKoii no rcxmiMccKoii cyiu- 
MtKTM HB.1MCTCH vcvanoBKa, co.acp.>»caiuaH MC- 
rowHHK nMTaHHil c CMKCHTHbiM HauonincncM 
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3HeprMH, npHCOe.1HHeHHHM K BbfCOKOUO-lbTHOM) 

^ntKrpo^y KaMcpu-peaKTopa h KOMMynipyeMO- 
My BsphiBacMOH npoBo;icKOH, Kaviepy pc?KTop 

C ahlCOKOBOvlbTHHM M 3a3eM;ieHHblM XlCKTpO- 

;^aMH, CMcrcMy c6opa nopouiKa, npeacraB.iaio- 
my:o co6oM npHCoeaHHeHHuA HcnocpcacTBCHHo 
K KaMcpe 6yHKep iuia c6opa nopoiDKa, 

HMCIOmMH 3aTBOp AJia BhirpySKM. MexaHH3M 

noaavH npoBouioKM c KaxymKM b xaMcpy-pcaK- 
Top, CMCTCMy noflaMH ra3a b peaKTop [2]. 

K Hc^iocraTKaM ycraHOBKii oxHocsiTcsi: 
I Rcnojib3oaaHMe sapuaaeMoro npoBOAHHxa b 
KanecTBe KOMMyraropa iiphboaht k roMy, irro 
ua BuccKOBcxabTHOM 3;ieKTpoae Bcerua ecTb 
BHcoKoe HanpajKemie h nocxo.ibKy ycrpoficTBo 
MC MMeer CKcreMhi nocrosiHHoro Bbreoaa 
noporaxa m3 peaxropa, to nao.iHTop bhcoko- 
Bo/ihTHoro 3jiCKTpofla noKphiBaercM Cviceiw 
MerajuTHMecKoro noponnca, mto npHBoaiiT k 

B03HHKHOBeHU10 nOBCpXMOCTHHX paspflaOB If 

paspymeiiHio MarepHajia H30.ijiTopa. 

2. TaK KaK yc^aHOBKa ne ifMcer cucreMbj 
y.?aB.THBaHHfl nopouiKa» b xoiie npouccca b 
rascBOK cpe;je peaxTopa iiMeer mccto BwccKasi 

<OHUCHTpaUH« MCTa-T.lMqeCKHX MaCTHU, HIO b 

yrcvTCTBHC CMcrcMu OHHCTKH rasoBOH cpeaw 
apMBoaHT K yxpynHCHHio naivMaeMono nopoiu- 

Xa H B03HMKHOBCHHIO BO BpCMfl BapblBd JVrOBblX 

paapsiaoB. cHH^^aioniiix BsoziiiMyio b npo-JoaMMx 

DHCprilK), a 3T0 B,ieMCT 3a C060M H3MCHCIIHC 

pc;KHMa BspuBa ii Bniiacr Ha KaMccTBO 
no>7y«iacMoro nopomka. 

3. MexaH}i3M noaaMH ne cojcp«iiT y3-ia 
BwnpjiM.ieHHfl no;iaBacMOM r pcaKrop npoBo.io- 
KM» qTo orpaHimHBacT ce a.ii*Hy BC-icjtTBiic 

O^KwIOHCHHU OT OCII, UlCaOBaTC.IbHO, CHH?KaOTC« 
npOM3BOaHTC^1bHOCTb VLTaMOBKH 

4. \cTaHOBKa hc awpxin yj.in K.iaau(})HKa* 
ami noptJUiKii. 0;iMaKo. cruKv>6 vtcKtpuMc'tKom 
rvipi.iHa riiwno.noKh Hicra.i npnMo.iiii k ikvivu- 

IIMIi) nOJHJIllKa. HK;iKMi;tK1UlLIO •J.KTIIUU c 
p.l3MirpiiM > \ MkM. MTO HBaHCTCll OCaCTHHCM 
ML'HCC lIMTOHtimtlOm RripNHa KOHUOH nix>Ho.io- 

KH, wcM ocHOBHOli 'iacTH. IJ3-.M ti'-poKpwrnH 
ayroH kouuob h.?p!,u^jcmoh npoiuvioKM 

HOaHTLMI.lUKVH 11 WMJKOMV Ka»*aTH\ 

fm.i\»iaeMoiv nofwuiKa 

Hcii.m H 3ti6 pe r OH II M -.hi.tiictvm iioHiaujcHUc 
Haac^HocTii yaaiiOBKM h Ka'iccTBa no.i\«iac 
Mom nponvKTa iHujCvTcmicM m Hcm (lipaKiinii 
c I>.l3^fcp^'»^^ Twice mkm), mobnuichiic 

n;x>H:moaiiTC'n.HLVrM viTanoHKn. «.hhmi'mhi- 
:)ncprocMKOCTH npouccca iKi.ivtu-nnj, nopoiKK.i 

M pacaiHOCHMC HOMCHK/iaTvphl n0.1\ MJCMU. r 
nOp*>UIKOB. 
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Uc;ib 40crMraeTC5i icm, mto b ycranoBKe, 
co;<cp«amcM wcTomiHi: nuTaKHJi 3jieKTpo3Hcp- 
rvitni c CMKCKTHhiM HaKO^MTc.^e^'" 3HeprHM, 

CHCTCMV KOMMyxaUHH. pCaKTOp HJ\^ D3pfalBa 
npOBO/ICKH C BhlCOKOBO.lbVHhlM M 33 JCMJICHHWM 

xicKipoaasnj, MCxaHMJM noaaMM npoBO^iOKH, 
cMCTCMV c6opa nopoiuKa h cHcrcMy raaooocc- 

nCMCHMVI, CMKOCTHOH HaXOnHTCJlb XOMMyTrtpV- 

CTCH ynpaBJi«CMHM KOMMytaropoM, a s 
MCxaHMJM noiiaMM BseaeH yaeji ;;ec|)opMauHH 

np()BO.nOKH. n03B0;TSIK)mHH Bbinp^IMHTb npOBO- 

lOKy M3 ^TKJooro MeTa>i;Ta h cn.nasa, hmcioiuhx 

pIi3-.1IIMHbIC BJ13K0CTM H UJCpOXOBaTOCTb nOBCp- 
XHOCTH. BunpflM-nCHHC ripOMCXOaMT 3a CMCT 

MforoKpaTHoro A3m6ii npoBonoKH b pasHux 
HanpaB.iCHHRx npii npoT{i;KKe npOBOJiOKH 
CKBOJb BpamatOLuyiocfl BOKpyr- ckm npoBo;ioKH 
o6oHMy, HMCiomyio cncmtajibHhic Ko;ibua h;ih 

pojiMKM c HanpaBJiaiomcH KaHaBKOii, pacno^io- 
;KCHHbJc Ha pa3/iwqH0M pactTO«HHH OT oc;i 

oCoHMbJ H MBTHIOmMCCP OHOpaMH Jl.l'H npOBO- 
^lOKH. 3a IMCT NiajlOH Be^lMHMHhl rpcuMfl, 
B03MO>KHOCTH H3MCKCHMH MHCJia KO.ieU H^IH 
PO.IHKOB (I MX paCCrOSIHHH OT OCM, a TaKAC 3a 
C'fCT H.lMCHCHMfl CKOpOCTII BpaLUCVIMH OOOMMbI 

y3c;i acctwpMaiiHM hc orpaHH^HBacx CKopocib 
no;\aMn ripono,iOKn b KaMcpy m hc lacopacr 

riOpt^UlOK nOCTOpOHHHMM flpHMCCilMH MHTCpHa- 

.^a Vaci >ic(bopMaunH >tnciuHO iicnwiaH npn 
paGoTc c npOBOJiOKaMH h3 AI, Fc, Cii. 1i, Zr, 
Ni. W, Mo M psrna cnjiaBOB. 

KpuMc Toro, u cHCTCMy c6opa nopoiUKa 

BBL'JCHW UHK10H M X1CKrpo4)»UlbTp, CHaGxCH- 

Hbii- 6ynkcpaMii nopouiKa, a rnK;Kc 

ncHrj;i^iTOp n K>iaccP(|)HKa lOp ot6ohho-bhxpc- 
lUMo FHfia 1 31, cocaMHCHHwc Tpyr)oripi>hOAaMM, 
iipiiMCM n K;iaccM(tntKafopc yaaiiDHJieiiid koii- 

IK.-MipMpviOlUHH y'HMlCllllliHI KOIIVC H HIlCilCiniMIl 

BttMpti (MO iia'rpy6oK, no;MH)iiiMH paGoMiiii la.i 
i mxo;iHi.iM nopouiKOM i\a pcaKropa, m r)yfiKcp 
j.tvi cCnipa KpynHMx (|)paKUHii, itpucociMMCM- 

HhlM K MVi;f;M(.M M.K i n KaMCpU K;ia(:CI1l|}MKilT0pa 

MoifKMLVHOM rpy6onpoHo;ia , CHa6Aci4notxi ja- 
TiiopoM, ripnMCivi, ociiOHaHMC KOifyca mmcct to 
CTciiKoii KaMcpw A\.iO[) ;uiM itwnycKa KpynHWx 
(|}paKUiih iia ;uio KaMcpiii. a Kcpiiitiiia Konyca 
OT'lxipMOHaHa raK» mto 'ifipa.ncTcii uuMt». 
naiipaM;i«ioiuaM taa l iiojxmukom. nocrynaKMuno 
n.i iiarpyoK.i, iia porop K.iaccittjiMKaropa. 

Ma (jmr. 1 npivKraB;icMa cxcMa iipcuiaia- 
OMOif yrraiiOMKM ;um no.iyiiciuiM y.ii»Tpa.ivtcnop 
.HM\ iiopoiuKou MCTa;i;iOH. cn-jauoH p 

MIMUMv'i \U\ (.iHVUUKMItlH MCTa.nOH. VcTaHOBKa 

u>.u*r>Kiii mioMtiMK iimaHnM j.ici: rpojucpnirii 

1 L'MKOLTMOM lUIKOHMlC-Tb 2, CHCTCMy KOMMy* 

r.i'uin J. pcaKrop 4, McvaHiUM no^iaMn 
!ipi>M(\uiKM L \.^.ioM .ial.K)pMaiuui H lUMcpi^- 
(I ii'MhJM TvioKOM 5. k;Kutn(t>nKaTop t oynki-- 

pOM 6. !1HK.UHI L 6>HKCpOM a.TH POpOU'Ka 7, 
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3;;cKTpo<t)HJibTp c 6yHKepOM ojisi nopomKa 8, 
BciiTMJisiTOp 9, Tpy6onpoBo;i jxji^i BOSBpara ra3a 
B peaKTop iO k CHcrcMy ra30o6ecneMeHHsi 11. 

B npeano;iaraeMOM H3o6peTehHs MexaKwaM 
noAaMH npoBOiiOKH M3o;tnpOBaH or raacsoh 
cpeabi B3pWBaeMoro npoBOiiHHKa h sbino-iHCH 

B B\mC KajyOIKH JXJl^l llpOBOnOKH, TSJHymHX 

npoBOjiOKy po;iHKOb h ya^ia fle<t)opMauHH 
npoBo;ioKH. Vscji aecJyopMaiiMif npoBo;ioKK 
((i>Hr. 2) BunaiHCH b Biue Kaieu 1 ((pur. 2a) 
luiH sparnaiomHxcsi po.iiiKOB 6 c Hanpasnflio- 
[UCH xaHaBKCH 7 (4)Hr. 26), wepea KOTopwe 
nponycKaetcj? npoaojioKa 3, yKpen^icHHux b 
o6o»Me 2, coBcpmaiomeH ppamare^ibHoe ;ibh- 

^KCHMC BOKpyr OCH npOTii;KKH npOB0.10KM. 
ripHMCM, KO;ibUd (pO;iHKH) VKpcruiCHhl B 

o6ouMe 2 Ha cTep;Kiisix 4, saKpeaaeHiiux b 
oGoiiMe 2 II fiepeMcmaiomux KO-ibua (po,ihkh) 
Ha Tpq6ycMoe paccTOsiHue or ocn BpaiucHvin 
o6oHM«. no^io».eHne KO.ieu (pcnuxoB) b 

060HMe OTHOCHTCvTbHO OCH BpaiUCHH.l 
OnpeaCvlHCT KpHBHSWy TpaCKTOpHU JBH;KeHH5l 

npOBO.ioK qcpC3 y3C.i je(tx)pMau>iii. 06oHMa c 
Ku.ibuaMH <po;itfKaMti) npMBo;iiiTCia bo Bpaiue- 
HHC npii noMOiuM aBiirare.iH 5. Macrora 

BpamCHM» 06cHMbl C KO-lbUaMM (pO.IHKaMH) 11 

no.io;*:chHC Ko-ncu (po,iMKOB> Bhi6npaeTC5? i.ia 
Ka;KaoiX) r.tcTavi-ia 3KcncpnMCHTa.ibHWM nyrcM 
npHWCM. Ha CTCnCHh BUnpflM.lCHlIM np(»no.iOKH 

HaM6o;ibiijce B.iHflMViC OKasbiBacr nojo^xcHiic 
(po.iHKOB) B yj.ic .ic^wpMauHi!. 3to 
no3Bo.iacT no-iHOCibio Bbinp«MifTb npoocioKV. 

a XaK^C BBOniiTb npOBO.lOKV B pCaKTOp McpC3 
OTBCpCTllC. JIUML^'ip kOTO(X)rO pilBOH aiUIMC^pV 

npoDO^.OKH. B pcaKTop npiiBO.ioKa nnoaiinM 

40pC3 ynjTOTHCHilC. MTO H Il03nO,lili' I \ (ip.lT*. 

MCxauii.iM luvtaMH npoBo^iOKii ra iohou cpcai»i 
h.ipN iiaoMoiv 11 piiHoaiiHKa . 

. 3 noKa.*aMO »ir|HnK iHo i.;iaiiM 
({)nKaropa. KoHUcuiphpyiomuii koiivv I tipiM- 
traiu>icr co6oii \fCMCHMiiiH Konyc /Inavctp 
HMAMcm ocHOHainiH Konyca MuCiiipac rcsi raKiiM, 
mvCm ^!C/^^/^y cicuKon KaMcpu 2 u ocHOnanmrNi 
KOMyca t>6p.i.*oua,itM aa.uip 3. nuctaroMHWit a.ix 
()CCn pC II « TC THC M H O (XI B Nl I > c K a oTac.i c m I u \ 
Kp^ nutiix ())paKUMM nopi^iiiKa " Hii;KifK^io ^lacTb 
KaMcpid k.-iaccM(t)itKan pa. Ucpxiivoi ^ac u 
Ki>Hyca onlxipMOiiana h iiitao iucim, naMpan- 
-icMMoh Ha ^mrop K.iacciul)HKaTopa. Porop 
npiiBoaHTvM HO Hf)aincMnc jhMranMCM .S. Jl.iw 
HHoaa H Konyc raja c ucNoamiiM iiopi)uiKOM, 
ycraHon^icH iijorHViuii narpvCvK 0 tjk, mto 

OCb Cl\> UCpTHKa,1l>H0r\T VMaCTKM cowrKuacT c 

ix'bio KOHyca rKuoACHiic koh\ui h KaMcpc 
K:iaccii(t)nKaTOpa otho( htc^HiHo poropa nuon- 
p«ifTCM .^KtncpMMt inM.ibMo uiM Ka.^joro no-i- 
vM^fCMcm npoa> KTa ra^ . Mro6i>i npn hhcokom 
.xtxt'CK THBMix rn pracirMn« KpvnHwx (l;paKUMH 
i>6ccncMnoaTacb BWCOKaH iipon\cKH«iM vnocoG- 



HOCTb nojiyqaeMoro iiopouixa b uhktioh. 
HM^KHCH qacTii KaMcpu npMcocAHHeH 6yHKep 7 
iUiH c6opa OTjicjieuHidx KpynHux qacTHu 
nocpcacTBOM Tpy6onpoB0fla 8, CHa6*eHHoro 
aatBopoM 9. KpoMe Toro, b HH:fCHcft qacTH 
KaMcpu K;iaccH(])HKaTopa hmciotcvi conna 10, 
Mppea xoTopwe noAacTCH raa, 0T6Hpat.MWH h3 
Tpy6onpoBOAa 10 (4)Hr. 1) jxnsi noflT^wa k 
poTopy y/ibTpaziHcnepcHoro nopounca, yaicmne- 
ro c Kpynnofl (frpafcUHcft ua sohu cenapamni. 
VcraHCBKa pa6oTaei' cjieiiyiouxMM o6pa30M. 

HCTOHHMK nMTaUHJI ZapSlTKaCT CMKOCTHOH 

HaKonHTe;ib no sajiaHuoro Hanpjr^eHHsi, Mexa- 
HH3M noaaMH HenpepwBHo no^aeT b peaKTop 
npoBOjiOKy, KCTopaa BNnpaMjiJieTCJi b yzAC 
Ac4>opMauHii, a M3MepHTe;ibHUP4 6;iokom msmc- 
pjicTCfl ee jxJiHHa, B peaxxope nposojioKa 
ycTaHaB^iiaacTCii Meacj^y flsyMH 3;ieKTpoAaMH: 

BUCOKOBOJIbTHblM, H30;iMpOBaHHfaIM OT KOpnyCH 

peaxiopa, h aaaeMjiCHHMM. cocjutacHHbiiA c 

KOpnyCOM. OpH aOCTH«eHKM npOBOJIOKOM Bbl- 

coKOBo;ibTHoro 3;ieKTpofla r MexaHM3Me ^OAa^H 
c noMombio M3MepHTe;ibHoro 6jiOKn (fmpMnpy- 
crc» cHPHa-^i KONfMyraTopa, Koropiiiji 

cpa6aThiBacT h k BapuBaeMOMy npcBOAHHxy 

nOflBOZWlTCH Hanpfl^KCHMC CMKOCTHOrO HaKOnH- 

Te;ia. B peayjibTarc paapjua CMK^KrrHoro 
HaKonHTe;i5! qepes ycTaHOB.ieHHWH b peakTope 
npoBOiiHKK npoHcxoAHT B3phiB nocjicjiHcro c 
o6pa30BaHMeM nopoiiiKa. JjJia ncuiyMCHHJi no- 
poaiKOB aKfMBiihix McrsuulOB B ycraHOBKy 
3aKavnaaeTCjr HeftxpajibHufi raa, HanpiiM^p. 
aproH. EaiH Tpedyercsi nojiyquTb hhtphau 

MCrajlJIOB KJIH ,HX QKCimiil, TO B yCTailOBKy 

3aKaMHBacTc«, cootbwtbchho, aaoTocoiicp*;*- 
lUHii h;ih KHCJiopoflocoAcp^Kamiift ras m.ih cMccb 
HciiTpajibHoro rasa c asoroM h;ih KHrjiopoaoM. 

riopoiUOK H riOTOKC Tftja nWHOCMTCM H 

K;iaaMc|)MKaTop, b KoxopoM otac;iuiotch Kpyn- 
HWC (})paKmiH, OTBOAHWHCCH B 6y.iKcp. Ma 

K-iaccn<l)HKaTopa nopouioK nonaiiacT r uhkjioii, 
kim)piiirt 3iucp;KHBacT b idoM 6yHKcp MacTh 
nopowKa. nocric UHKyiona ocraBiUMrtcM nopo- 
luoK c noTOKOM ra3a non»wacT b :j;tcKTpo- 
(})Hvibrp, rAc oKOHMaTCXnfcHO wcAacr \t 
ccwnacTCH h 6yMKcp. OMHtucHHhiA in nopoiuxa 
raa nooic 3;icKTp(xt)M-pihTpa noaacTCJi m\ bxoa 
ncHTiMHTopa, buxoa KOToporo lUKpcaCTBOM 
Tpy6onpoBOAa cocamhch c KaMcport p<«aKTopa. 

BCHTHJIHTOP Heo6xoaMM AAA TOrO, tmi6hl 

oGccncMHTb rpc6ycMyio CKopocTb ncpcMcmcHMH 
rivMx BuyrpM vcxaMOBKM (oCccncwHTb Tpc6yc- 
MNii pacxoA raja h cro Hanop). 



2093311 
K 



10 



McnHxaHiw ycxaHOBKH npoBOAiLiHrb npw 
noAyiCHHa nopomica OKCHAa awiiOMHHHsi. Upn 
3X0M Hcno.ib303a;iacb a.iiOMMHM°Baa npoBo.noKa 
YcxaHCBxa npc/iBapHrejibHo saKyyMHpoBa-iacb, 
a 3aTeM 3ano/iHajiacb CMecbw aprowa h 
KHc;iopoAa. Ho wepe pacxoAa o6ccneqMBaAocb 
HaxexaHHe rasa b peaxxop. BeAH«iHHa bboahmom 
B npoBOAHHx 3HepniH onpeAej!5uiacb no 
ocuiLrtAorpaMMaM xoxa qepea npoBoioKy, a 
yAeAbHas noBepxHocxb no-iynaeMoro nopomKa 
MCXOAOM B3T Ha ra30MeTpe TX-I. 

B radiHue npHBCACHw peayjiiraxu itcnhi- 
TaHMH npeA;iaraeMOH ycxaHOBXH. 

CoAep;KaHMe Mexan.iHHccKoro anioMHHHsi bo 
Bcex roxoBbix napruxx nopoiuxa N 1-4 ne 
npeBwuiaex 0,1% bcc. 

Ha Ta6.iimhi bmaho, hto npHMeweHHc 
ycxaHOBXH c xjiaccMcJjHxaTopoM npeoio^xeHHon 

KOHCrpVTCUHH H CHflJReHHC DUCprEH, BBOAHMOft 

BO BspbiBaeMyw npoBoioxy, nosBOJijnax npH 
He3HaKHxe;ibHUx oxxoAax aapuBaeMoro Mexa,i- 
Jia B BHAe noponnca c papMepoM nacxim 0,5-10 
MXM wacxoT nopomoK raicxe «ra.isieTC9 npoayx- 
roM. HO juia ApyrMx aana^) b 2 paaa ysejiMMHTb 
yACJibHyx) noBepxHocTb no;iyMaeMoro nopoiuKa 

npH OAHUBpCWeHHOM CHH^XCHHM yaClbHhlX 

3nepro3aTpaT b 5 paa h yBciHMCHHH npoH3Bo- 

AMTCJlbHOCTH ycxaHOBXH B 3 pasa 3a C4CT 

McnoAbaoBaHHsi npoBOjioxH 6aibiucH a^ihhu h 
AHaMCxpa, qxo o6evnc4HBaex npeoAoxceHHUH 
yaeji Ae(t>opMauHH. 

ripH naivMeHHH y.ibrpaAHcnepcHhiN nopoui> 

KOB Mexa-'UIOB H CFLiaaOB CHH^RCHMC 3HepiX)3aT- 

pax HC cxo-ib BCJiMKo, lax xax npHxoAHxcsi 
paSoxaTh npH DHcpniH, 6viM3xort x 3Hcpnin 
cy6;iHMauHH. Oahaxo, yBc-iimcHMC npoHnBOAit 
xcAbHocxH ixrracxtH xaxHM »c, xax m h 
npMBCttCHHOM npMMcpc, II yACiMUii noncpx 
HOCTb nopouixa Boapacxact n.i 30-50%. 
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OOPMVJTA H30BPETEHMfl 



ycxanonxa ann nojiyqcMMH y<fibxpaAHcnepc- 
Hwx nopouiKOB MeTavi;ioB, cn;iaBOB n XHMJtMc- 
CKiix coeAMMCHHH MCXOAOM ancKxpMqecxort) 



BapwBa npoBciOKii. conep;itaiuan itcroiKiiK 

HHXaHH^ aiCXXp03HCprHCH r CMKIXXMWM HakO- 

nnxciCM, CHcxcMv KOMMvTamui. peiKTop a.m 
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BSpUBa npOBO.lOKH C BUCOKOtiO;ibTUUM H 

:ia3CMvieHHhiM 3;ieKTpo;jaMH, McxaHuaM noAaqu 
npoRo;iOKH, cHCT^My c5opa nopoiuKa h cHcreMy 
ra3co6ecne4eHH5i, omAunaiou^aAcsi reM, mto 
oHa cHa6xeHa ysjioM iiC(J)opMauHH npoeanfOKH, 

UHICIOHOM M 3JieKTpO(l)mibTpOM C GyHKepUMM 

c6opa nopomxa, bchtk/isitopom, K-naccH(}>M- 

KaTOpOM OT60HH3-BUXpeBOrO THlia H yce^CHHUM 

KOHycoM, ycrauoBjieHUbiM d KaMepe KjiaccH^ju- 
Karopa c odpaaoBaHHCM saaopa y hmxhcix) 

OCHOBaHHH CO CTCHKOH KaMCpW, a BCp) HCC 

ocHOBaKHC KOHyca BhinojiHCHO B hwjxc me;iH, 
Hanpas/icHHOK Ha ;x3T0p JciaccMcJjuKaTopa, 
iipHMeM no ocH KOHyca ycTaHOBJich naTpy6oK 



fl.ia ncAaMH raaa c noprniKOM h3 peaxTOpa, a 
6yHKep A.ifl c6opa nopooiKa npHcoe/iinieH k 
any KHMjpM loiaccHcljHKaTopa nocpe<acTPOM 
TDy6onpoB0.ia c aaxBopoM, npn 3tom y.ieyi 
;ic(ix)pMauHH npOBOJioKH BunaiHeH b BMiie 
Ko;ieu HJiH cBo6oaHO Bpamaiomnxcfl pojivfKOB c 
HanpaBJifliomefi KaaaBKOH, yxpeoieiuifaix b 
o6oHMe, cosepiuaioiueH spaiaaTejibficc /iBUjRe- 
HHe BOKpyr och npoTA;KKH npoRaiOKH, c 
noMourbK) crepxcHcii ■vi'a nepeMemeHHsi Ko.ieu 

H,1H pOJIHKOB Ha Saj^aHHOC paCCTOflHIie OT OCH 

BpameHMfl o6oiiMbi. 







T a 6 n M 14 a 


N2 3Kcnep 


d, MM 


1, MM 


W/W 


S. W^/T 


S*. M-/T 


G. Kr/HBC 


W 
Mfl)K/Kr 


1 
2 
3 
4 


0,76 
0,76 
0 76 
0 45 


230 
230 
230 
129 


0.24 
0,36 
0.51 
1.72 


51,7 
50.2 
43,7 
30.2 


100 
95 
62 
30.5 


0.88 
1.15 
1.16 
0.38 


5,8 
6.0 
7.8 
23,7 



O603HaveHHfl d - flMaMerp U3pb?BaeM0M npoaonoKM. 

1 - /inwHa B3pbiea8M0M npoeonoKM. 

Wc • y^enbHafl 3HeprM« cy6niiMaMMM aspbibaeMoro Me r anna 

<ann aniOMMHMfl Wc = fl)K/MM^ 

Vfle/ibHafi noBepxHOCTb nonyMaeMoro nopoLUKa 6e3 npuMeneHMfl 
KnaccM(})MKaTopa; 

yaenbHan noeepxHocTb nonyHaeMoro nopoiuKa Ha yciaHOBKe c 
KnaccncJ)MKaTopoM npe/jno>KeHHOH KOHcrpyKunn 
G - npoM3oo/imenbHocTb yaaHOBKn no lOTOBOMy npo/iyKry 
W - yflenbHbte OHepiojarpaTbi 



W- 
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(54) DEVICE FOR PRODUCING ULTRAFINE POWDERS OF METALS, 

ALLOYS, AND CHEMICAL COMPOUNDS USING ELECTRICAL WIRE 
EXPLOSION 



(57) The invention relates to powder metallurgy, more specifically to the 
production of powders of metals, alloys, and chemical compounds of metals 
using electrical wire explosion, for use in producing metallic, metal-ceramic, 
ceramic, composite materials, etc. In order to increase the degree of dispersion 
of the powder that is produced, to increase productivity, to reduce the energy 
consumption of the process, and to broaden the range of materials that can be 
exploded, a device containing an electrical power supply, a capacitive storage 



element, a switching device, a wire exploder with high-voltage and grounded 
electrodes, a wire feeder, a powder collector, and a gas supply system, is 
distinguished in that the capacitive storage element is switched using a controlled 
switch. The wire feeder includes a wire deformer made in the form of rings or 
freely rotating rollers with a guide groove attached in a frame, performing a 
rotating motion about the axis of extension of the wire with the help of pistons, 
making it possible to move the rings or rollers a given distance from the axis of 
rotation of the frame; the powder collector system is equipped with a cyclone and 
electrofilter with a bin for collecting the powder, a fan, and a vortex-type 
classifier, whereby the classifier chamber has a guiding truncated cone, the lower 
base of which forms a gap with the chamber wall and the upper base is made in 
such a way as to form a slit parallel to the classifier rotor slots, whereby a pipe is 
arranged along the axis of the cone, feeding gas with the initial powder from the 
reactor; the bin used to collect the powder is connected to the bottom of the 
classifier chamber by a pipe equipped with a fastening device. 3 illustrations, 1 
table. 

Fig. 1 
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The invention relates to powder metallurgy, more specifically to the 
production of powders of metals, alloys, and chemical compounds of metals 
using electrical wire explosion, for use in producing metallic, metal-ceramic, 
ceramic, composite materials, etc. 

A chemical reactor is known that operates with successive, multiple 
electrical explosions of metal wires, including a hermetic explosion chamber with 
a high-voltage and a grounded electrode, one of which has an opening for 
feeding sections of wire to be exploded, and a drum with a stepper motor. 
Around the generatrix of the drum there are slots which are filled with sections of 
wire of the proper length before operation begins. The drum is placed in a 
hermetic chamber which is eccentrically attached to the explosion chamber in 
such a way that when the drum rotates by one step, the slot in its generatrix 
corresponds to the opening in the electrode of the explosion chamber In the 
process, the section of wire in question in the slot of the drum falls into the 
electrode opening of the explosion chamber, covers the interelectrode gap, and 
this section explodes, i.e. the section of wire also serves as the switch [1]. 

The disadvantages of this device are as follows: 

1 . The great difficulty involved in having to first prepare the sections of 
wire, carefully straighten them, and place them into the drum. 

2. The low volume of product produced, since after the sections have 
exploded the device must be unsealed and the entire operation repeated, as 
under paragraph 1 above. 
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3. The absence of systems for collecting and classifying the powder, i.e. 
the powder contains the entire set of particles from the ultrafine fraction to 
undivided bits from the ends of the wire sections. 

4. Using the exploding wire as the switch for the capacitive storage unit 
means that the high-voltage electrode in the chamber is always at a high voltage. 
This causes extensive settling of the powder on the electrode insulator and rapid 
breakdown or arcing of the insulator. Because of this, the authors had to use a 
highly complex and expensive insulator design. 

Most similar in technical essence is a device containing a power supply 
with a capacitive energy storage unit connected to the high-voltage electrode of a 
reactor chamber, switched by an exploding wire, a reactor chamber with a high- 
voltage and a grounded electrode, a powder collector system comprising a bin 
connected directly to the chamber by a fastening device for unloading, a wire 
feeder with a ring for feeding wire into the reactor chamber, and a system for 
feeding gas into the reactor [2]. 

The disadvantages of this device are as follows: 

1 . Using the exploding wire as the switch means that the high-voltage 
electrode in the chamber is always at a high voltage and since the device does 
not have a system for continuous removal of the powder from the reactor the 
high-voltage electrode insulator becomes covered with a layer of metallic 
powder, which leads to surface discharges and breakdown of the insulator 
material. 
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2. Since the device does not have a system for trapping the powder, a 
high concentration of metallic particles is formed in the gaseous medium which, 
in the absence of a gas purification system, leads to larger powder sizes and the 
appearance of arc discharges during the explosion, reducing the energy 
introduced into the wire. This, in turn, causes a change in the conditions of the 
explosion and influences the quality of the powder that is formed. 

3. The feed mechanism does not contain a straightener for the wire fed 
into the reactor, which limits the length of the wire, due to deviation from the axis. 
This reduces the productivity of the device. 

4. The device has no powder classifier. But the electrical wire explosion 
method always produces powder that includes particles measuring > 1 m, due 
to less intense explosion at the ends of the wire than in the main portion of the 
wire, caused by arcing at the ends. 

These disadvantages reduce the reliability of the device, its productivity, 
and the quality of the powder it produces. 

The object of this invention is to increase the reliability of the device and 
the quality of the product (removal of the fraction greater than 0.5 m ) , to 
increase the productivity of the device, reduce the energy consumption of the 
powder production process, and to broaden the range of powders produced. 

This object is achieved in that a device containing an electrical power 
supply, a capacitive storage element, a switching device, a wire exploder with 
high-voltage and grounded electrodes, a wire feeder, a powder collector, and a 
gas supply system, is distinguished in that the capacitive storage element is 
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switched using a controlled switch. The wire feeder includes a wire deformer, 
making it possible to straighten wire made of any metal and alloy with various 
viscosity values and surface roughness. The wire is straightened by multiple 
bending of the wire in various directions while the wire is being drawn through a 
frame rotating about the axis of the wire, said frame having special rings or 
rollers with guide grooves located at various distances from the axis of the frame, 
serving as supports for the wire. Due to the low friction, the number of rings or 
rollers and their distance from the axis can be changed. Since the rotational rate 
of the frame can be changed, the deformer does not limit the feed rate of the wire 
into the chamber and the powder does not contaminate the material with 
impurities. The deformer was successfully tested with wires made of Al, Fe, Cu, 
Ti, Zr, Ni, W. Mo, and a number of alloys. 

Moreover, the powder collection system contains a cyclone and an 
electrofilter equipped with bins for the powder, as well as a fan and a vortex-type 
classifier [3] connected by pipes, whereby the classifier contains a concentrating 
truncated cone and a pipe inside it which supplies the gas with the initial powder 
from the reactor, and a bin for collecting the large fractions connected to the 
lower part of the classifier chamber by a pipe equipped with a fastening device. 
The base of the cone forms a gap with the chamber wall for allowing the large 
fractions to fall to the bottom of the chamber, while the top of the cone is made in 
such a way as to form a slit that directs the gas with the powder from the pipe 
toward the rotor of the classifier. 



Figure 1 shows a diagram of the proposed device for producing ultrafine 
powders of metals, alloys, and chemical compounds of metals. The device 
comprises an electrical power supply 1, a capacitive storage element 2, a 
switching device 3, a reactor 4, a wire feeder with deformer and measuring unit 
5, a classifier with bin 6, a cyclone with bin for the powder 7, and electrofilter with 
bin for powder 8, a fan 9, a pipe for returning the gas to the reactor 10, and a gas 
supply system 11. 

In the proposed invention, the wire feeder is isolated from the gaseous 
medium of the exploding wire and is made in the form of a ring for the wire, 
rollers that draw the wire, and a wire deformer. The wire deformer (figure 2) is 
made in the form of rings (figure 2a) or rotating rollers 6 with a guide groove 7 
(figure 2b) through which wire 3 passes, said rollers being attached to frame 2, 
which rotates about the axis along which the wire is drawn. The rings (rollers) 
are attached to frame 2 on rods 4, which are attached to frame 2 and move the 
rings (rollers) to the required distance from the axis of the rotating frame. The 
position of the rings (rollers) in the frame with respect to its axis of rotation 
determines the curvature of the wire as it moves through the deformer. The 
frame with the rings (rollers) is brought into rotation by motor 5. The rate of 
rotation of the frame with the rings (rollers) is selected experimentally for each 
metal. The position of the rings (rollers) in the deformer has the greatest 
influence on the degree of straightening of the wire. This makes it possible to 
completely straighten the wire and to insert the wire into the reactor through an 
opening with a diameter equal to the diameter of the wire. The wire is fed into 



the reactor through a seal, which makes it possible to remove the wire feeder 
from the gaseous medium of the exploding conductor. 

Figure 3 shows the classifier. The concentrating cone 1 is a truncated 
cone. The diameter of its lower base is chosen such that between chamber 2 
and the base of the cone a gap 3 is formed that is sufficiently large to allow free 
passage of the large powder fractions into the lower part of the classifier 
chamber. The upper part of the cone is made in the fomn of a slit that is directed 
toward the rotor of the classifier. The rotor is made to rotate by motor 5. The 
gas with the initial powder is fed into the cone through a bent pipe 6 which is 
made such that the axis of its vertical part coincides with the axis of the cone. 
The position of the cone in the classifier chamber relative to the rotor is selected 
experimentally for each product in such a way as to provide a high degree of 
passage of the powder into the cyclone, while retaining high separation efficiency 
of the large fractions. Attached to the lower part of the chamber is a bin 7 for 
collecting the large fractions through pipe 8, which is equipped with fastening 
device 9. In addition, the lower portion of the classifier chamber has nozzles 10 
which feed the gas from pipe 10 (figure 1) for lifting to the rotor the ultrafine 
powder leaving the separation zone with the large fraction. 

The device operates in the following manner. 

The power supply charges the capacitor to the desired voltage, the feeder 
continuously feeds wire into the reactor, the wire is straightened in the wire 
deformer, and the measuring unit measures its length. In the reactor, the wire is 
placed between two electrodes: a high-voltage electrode insulated from the 
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reactor housing and a grounded electrode that is connected to the reactor 
housing. When the wire reaches the high-voltage electrode, a signal is formed in 
the feeder mechanism by the measuring unit and sent to the switch, which is 
actuated and the voltage across the capacitor is applied to the exploding 
conductor. As a result of the capacitor discharge through the conductor in the 
reactor, the latter explodes, forming a powder. A neutral gas such as argon is 
pumped into the device to produce powders of active metals. If nitrides or oxides 
of metals are to be produced, then the corresponding nitrogen-containing or 
oxygen-containing gas or a mixture of neutral gas with nitrogen or oxygen is 
pumped into the device. 

The powder in the gas stream is carried into the classifier, in which the 
large fractions are separated and taken to a bin. From the classifier, the powder 
enters a cyclone, which retains part of the powder in its bin. After the cyclone, 
the remaining powder follows with the gas stream into an electrofilter, where it 
settles into a bin. The powder having been removed in the electrofilter, the gas is 
sent to the inlet of the fan, the outlet of which is connected by a pipe to the 
reactor chamber. The fan is necessary for producing the required gas exchange 
rate inside the device (provide the necessary gas flow rate and pressure). 

The device was tested by producing aluminum oxide powder. Aluminum 
wire was used in the process. The device was first placed under a vacuum and 
then filled with a mixture of argon and oxygen. The gas entered the reactor in 
accordance with the flow rate. The amount of energy imparted to conductor was 
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determined by oscillograms of the current through the wire and the specific 
surface area of the powder by the BET method using a GKh-1 gas meter. 

The table presents results from tests using the proposed device. 

The content of metallic aluminum in all completed powder batches, No. 1- 
4, did not exceed 0.1 wt-%. 

As seen in the table, using the device and classifier of the proposed 
design and reducing the energy applied to the exploding wire makes it possible 
to double the specific surface area of the powder that is produced, while reducing 
the specific energy consumption by a factor of 5 and tripling the productivity of 
the device by using wire with greater length and diameter, due to the proposed 
wire deformer. This is done while producing insignificant amounts of waste from 
the exploded metal, in the form of powder with a particle size of 0.5 to 10 m 
[omission? frequencies of powders also a product, but for other purposes]. 

For producing ultrafine powders of metals and alloys, the reduction in 
energy consumption is not so great, since it is necessary to operate at an energy 
close to the sublimation energy. However, the increase in productivity remains 
the same as in the example and the specific surface area of the powder is 
increased by 30 to 50%. 
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Claim 

A device for producing ultrafine powders of metals, alloys, and chemical 
compounds of metals using electrical wire explosion, comprising an electrical 
power supply, a capacitive storage element, a switching device, a wire exploder 
with high-voltage and grounded electrodes, a wire feeder, a powder collector, 
and a gas supply system, hereby characterized in that It is equipped with a wire 
deformer, a cyclone, and an electrofilter with bins for collecting the powder, a fan, 
a vortex-type classifier, and a truncated cone placed in the classifier chamber 
forming a gap between the lower base and the chamber wall, while the upper 
base of the cone is made in the form of a slit that is directed toward the rotor of 
the classifier, whereby a pipe is arranged along the axis of the cone for feeding 
gas with powder from the reactor and a bin for collecting the powder is attached 
to the bottom of the classifier chamber by means of a pipe with a fastening 
device and the wire deformer is made in the form of rings or freely rotating rollers 
with a guide groove attached in a frame, performing a rotating motion about the 
axis of extension of the wire with the help of pistons, making it possible to move 
the rings or rollers a given distance from the axis of rotation of the frame. 
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No. of 
exper- 
iment 


d, mm 


1, mm 


W/Ws 


S, m^/t 


S*. m^/t 


G, kg/h 


w, 

MJ/kg 


1 


0.76 


230 


0.24 


51.7 


100 


0.88 


5.8 


2 


0.76 


230 


0.36 


50.2 


95 


1.15 


6.0 


3 


0.76 


230 


0.51 


43.7 


62 


1.16 


7.8 


4 


0.45 


129 


1.72 


30.2 


30.5 


0.38 


23.7 



Symbols: d - diameter of exploded wire 

I - length of exploded wire 

Ws - specific sublimation energy of exploded metal; for 
aluminum Ws = J/mm^ 

W - specific surface area of powder produced without using 
classifier 

S* - specific surface area of powder produced in device with 
classifier of the proposed design 
Productivity of device, with respect to finished product 
W - specific energy consumption. 
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Fig. 2 




Nr. 3 



In figure, right, top to bottom; gas with [illegible] to cyclone, gas with powder to cone, gas from 
turbine [illegible] 



Fig. 3 
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